Our behavior is constantly influenced by emotional stimuli. These stimuli can enhance (i.e., improve) or impair performance, depending on their specific interaction with situational demands (Dolcos et al., [@B12]). This paper examines factors that mediate the influence of task-irrelevant negative stimuli on executive control (EC). We demonstrate how similar results of emotion-cognition interactions might be interpreted according to opposing theories, following the use of different analysis methods.

Executive control is responsible for monitoring, controlling, and regulating irrelevant information, in order to enable goal-directed behavior (Norman and Shallice, [@B28]). Recently, there is growing debate regarding the influence of negative stimuli on EC (Hu et al., [@B20]). Specifically, compared to neutral stimuli, negative stimuli were found to impair (i.e., elongated reaction times -- RT), improve (i.e., facilitated RT), or have no influence (i.e., similar RT) on EC. Herein we will first suggest that descriptions of *improved* or *impaired* EC may be misleading, and then discuss three factors that modulate links between EC and emotion: available resources, attentional breadth, and top-down modulation.

Tackling the Terms *Impaired* and *Improved* Ec
===============================================

Two tasks widely used to examine EC are the Stroop ([@B35]) and flanker (Eriksen and Eriksen, [@B14]). In the Stroop task, participants are presented with colored words written in colored ink and need to name the ink color and ignore the word. This task usually contains congruent, incongruent, and neutral targets (e.g., ![](fnint-06-00033-i001.jpg) respectively where the response should be "blue"). In the flanker task, participants need to respond to a target and ignore distracting stimuli. For example, in the arrow-flanker task, participants respond to the direction of the middle arrow and ignore the two flanker arrows. This task also contains congruent (→→→→→), incongruent (→→←→→), and neutral (\--→\--) targets. Although the Stroop and flanker tasks differ in several aspects (Magen and Cohen, [@B25]), both create conflict situations during incongruent targets (although, see Goldfarb and Henik, [@B17], for discussion of conflict also during congruent trials). This conflict situation activates EC mechanisms designed to detect and solve the conflict.

Studies presenting neutral and negative stimuli prior to Stroop or flanker tasks (Dennis and Chen, [@B9],[@B10]; Dennis et al., [@B8]; Hart et al., [@B18]; Cohen et al., [@B6], [@B7]; O\'Toole et al., [@B30]; Hu et al., [@B20]; Melcher et al., [@B27]) usually analyze the influence of these stimuli on the congruity effect (i.e., RT incongruent minus RT congruent). A larger congruity effect is usually interpreted as impaired EC, while a smaller congruity effect is usually interpreted as improved EC. However, this analysis does not distinguish between different effects of negative stimuli on congruent and incongruent targets separately. This distinction is important due to the presence of conflict (and hence, activation of EC) mainly during incongruent targets. Without showing a significant difference between negative and neutral stimuli influence on incongruent targets, it might be problematic to claim negative stimuli impair or improve EC. Importantly, this difference should not appear in congruent or neutral targets of the EC task (this would imply a main emotional effect on RT).

We recently showed that compared to neutral stimuli, negative stimuli delayed RTs for congruent flanker targets, but had no influence on incongruent targets (Cohen et al., [@B6], [@B7]). Although these findings indicate a smaller congruity effect following negative stimuli, we did not interpret them as improved EC, but as attenuation of the emotional effect during conflict situations. Nevertheless, our paper was cited as evidence for improved EC (Birk et al., [@B1]). It is possible that this pattern (i.e., incongruent trials not affected by negative stimuli) is caused by improved EC. However, it is also possible that other mechanisms are responsible for this null effect (see Cohen et al., [@B6]; Hu et al., [@B20], for debate regarding interpretation of their results). Similarly, interpretations of impaired EC may be misleading when data does not indicate delayed RTs for incongruent targets following negative compared to neutral stimuli.

Figure [1](#F1){ref-type="fig"} illustrates typical results (not based on empirical data) that can be found in experiments presenting negative and neutral stimuli prior to an executive task. Figures [1](#F1){ref-type="fig"}A,B demonstrate results suggesting impaired (i.e., larger congruity effect) EC, while Figures [1](#F1){ref-type="fig"}C,D demonstrate results suggesting improved (i.e., smaller congruity effect) EC following presentation of negative stimuli. A similar congruity effect is found in Figures [1](#F1){ref-type="fig"}A,B, and a similar congruity effect is found in Figures [1](#F1){ref-type="fig"}C,D. However, these similar effects are produced in different ways (e.g., the impaired congruity effect in Figure [1](#F1){ref-type="fig"}A is due to elongated RT in negative incongruent trials, whereas the impaired congruity effect in Figure [1](#F1){ref-type="fig"}B is due to facilitated RT in negative congruent trials, with no change in the incongruent trials).

![**Illustration of "impaired" (A,B) and "improved" (C,D) executive control following negative, compared to neutral, stimuli**.](fnint-06-00033-g001){#F1}

The following sections present three factors that might account for these different interaction patterns. In addition, we will demonstrate how similar results might be interpreted differently, depending on the analysis used.

Available Resources
===================

According to the dual competition model (DCM), highly threatening stimuli impair EC since they consume resources required for resolving conflict (Pessoa, [@B32]). In accordance with this model, several studies demonstrated negative stimuli impair performance in a Stroop-like task (Hart et al., [@B18]; Melcher et al., [@B26]; Padmala et al., [@B31]) and in the flanker task (Dennis et al., [@B8]). Although these studies reported impaired EC, close examination of the data of several of them may imply an alternative interpretation for the results.

Support for the DCM is found in studies reporting increased RTs for incongruent targets following negative compared to neutral stimuli (Hart et al., [@B18]; Melcher et al., [@B26]; see Figure [1](#F1){ref-type="fig"}A), thus demonstrating negative stimuli impair EC. In contrast, other studies interpreted results as being a consequence of impaired EC although their data did not show increased RTs for incongruent targets following negative stimuli. For example, examining RTs in the study of Dennis et al. ([@B8]) may imply the increased congruity effect found after presentation of negative stimuli (and interpreted as impaired EC), resulted from facilitated RTs for negative compared to neutral stimuli in congruent trials, while RTs for incongruent trials following negative and neutral stimuli were very similar (Dennis et al., [@B8]; see Figure [1](#F1){ref-type="fig"}B). Findings of facilitation or lack of emotional interference in congruent trials (Dennis et al., [@B8]; Hart et al., [@B18]) are inconsistent with data showing delayed RTs in discrimination tasks following irrelevant emotional stimuli (Hartikainen et al., [@B19]; Buodo et al., [@B4]). Moreover, the DCM (Pessoa, [@B32]) would have predicted that resources devoted for processing emotional stimuli would cause delay both in congruent and in incongruent targets (although to a greater extent in incongruent targets; see Figure [1](#F1){ref-type="fig"}A, and Blair et al., [@B3], for debate regarding this notion).

The study of Dennis et al. ([@B8]) is an example of our claim that analyzing difference scores (i.e., congruity effect) might lead to incomplete or inaccurate interpretation of results. We suggest that under some circumstances emotional stimuli impair EC, thus supporting the DCM. However, there is also evidence emotional stimuli improve or have no influence on EC (see below). Hence, more data is needed to uncover the specific situations in which this impairment occurs.

Attentional Breadth
===================

The DCM discussed above emphasizes the importance of available resources for solving a cognitive conflict. In contrast, attentional breadth theories (e.g., Easterbrook, [@B13]) emphasize the impact of negative information on attentional allocation. These theories claim negative stimuli narrow attention and hence, reduce interference of distracting or irrelevant information (Derryberry and Tucker, [@B11]; Chajut and Algom, [@B5]; van Steenbergen et al., [@B36]). Indeed, a smaller congruity effect following negative compared to neutral stimuli is often driven by facilitation of incongruent targets (see example in Figure [1](#F1){ref-type="fig"}C), as a result of reduced attention to distractors (in the flanker task) or the irrelevant dimension (in the Stroop task).

Evidence regarding improved EC following presentation of negative stimuli is found in Birk et al.'s ([@B1]) study. The authors found reduced RTs for incongruent flanker targets following presentation of fearful compared to neutral faces (see Figure [1](#F1){ref-type="fig"}C). Several other studies also suggested emotion improves EC (Dennis and Chen, [@B10]; Hu et al., [@B20]; Melcher et al., [@B27]). However, in contrast to Birk et al.'s study, the reduced congruity effect in the latter studies did not result from reduced RTs in incongruent targets. For example, in a Stroop-like task, Hu et al. ([@B20]) found that compared to neutral situations, negative situations (shock anticipation) delayed RTs in congruent trials, but no difference between neutral and negative situations was found in incongruent trials (see Figure [1](#F1){ref-type="fig"}D). The authors suggested the overall slowdown following shock anticipation was contrasted by the facilitation effect caused by attentional narrowing. Importantly, they based their claim on results showing delayed RTs during neutral Stroop trials (e.g., ![](fnint-06-00033-i002.jpg) where the response should be "red"). As discussed in their paper, adding neutral Stroop trials may help unravel different effects of attentional narrowing and available resources on EC.

Hence, it seems that under specific circumstances, negative stimuli improve EC. In addition, it seems that findings of a null emotional effect in incongruent targets are sometimes interpreted as improved EC and sometimes as impaired EC (as described earlier). We suggest this null emotional effect in incongruent targets may result from a top-down regulation mechanism (see supporting explanation below).

Top-Down Modulation
===================

Decreased emotional response during or following executive activation led to the suggestion EC can trigger top-down mechanisms that inhibit the effect of emotion (Etkin et al., [@B15]; Blair et al., [@B3]; Cohen et al., [@B6], [@B7]). Etkin et al. ([@B15]) presented a modified Stroop task where participants had to respond to the emotionality of a face (happy or fearful) and ignore a superimposed word (that was congruent or incongruent with the face emotion). They demonstrated a conflict adaptation effect in which the response for an incongruent target attenuated the response of the following incongruent target. This decrease in emotional conflict was related to a connection between brain areas known to be activated during conflict monitoring (e.g., anterior cingulate cortex) and emotional areas (e.g., amygdala). Similarly, we recently showed that when an executive task *precedes* an emotional stimulus, incongruent trials can attenuate emotional response both behaviorally (Cohen et al., [@B6], [@B7]; seeFigure [1](#F1){ref-type="fig"}D) and physiologically (Cohen and Henik, Submitted). In addition, there is evidence that this inhibitory connection characterizes healthy individuals and is deficient in people suffering from depression (Johnstone et al., [@B21]; for review, see Rogers et al., [@B33]) or anxiety (Bishop et al., [@B2]; Etkin et al., [@B16]). Taken together, there is strong evidence that activation of EC might result in decreased emotional response and hence, in a diminished emotional effect during incongruent targets.

Conclusion
==========

We presented several factors that might account for the various relationships between emotion and EC. In addition, we suggested that the use of difference scores (i.e., the congruity effect) might lead to different interpretations, even in face of similar data sets. We offer two important conclusions:

1.  The effect of emotion on EC is modulated by several factors. Negative stimuli impair EC if they consume resources available for resolving the conflict, improve EC if attention is narrowed, or have no influence on EC if top-down processes are activated. Additional factors, such as relevance of the negative stimuli to current goals (Kanske and Kotz, [@B23],[@B24]; see also Kanske, [@B22],in this Research Topic), task demands (Shafer et al., [@B34]), and individual differences, may also modulate the effects of emotion on EC (for review, see Okon-Singer et al., [@B29]). More research is required to unravel how all these factors are orchestrated to shape the emotion-executive relationship.

2.  Researchers tend to analyze the influence of emotion on the congruity effect and by doing so, miss important information. A good example for inconsistent interpretation occurs when researchers find a null emotional effect for incongruent targets. This null effect is sometimes interpreted as impaired, and sometimes as improved EC, depending on the effect of emotion on congruent trials (compare Figures [1](#F1){ref-type="fig"}B,D, respectively). Hu et al. ([@B20]) suggested that adding neutral trials to the EC task might help distinguish between impairing and enhancing effects. However, as discussed above this null effect may also result from top-down regulation of the emotional system. This top-down effect should be directly examined by conducting a sequential analysis (Cohen et al., [@B6]) or by presenting the EC task before the emotional stimuli (Cohen et al., [@B7]).

Future studies should strive to uncover the specific factors that modulate emotional effect on conflict vs. non-conflict situations. Defining the interactions between these factors could uncover how emotion and EC are mutually linked in order to generate adaptive behavior. On a broader perspective, the use of difference scores, such as the congruity effect, in various cognitive domains (e.g., spatial attention, implicit attitudes, affective priming) may lead to an incomplete view of emotion-cognition interactions, thus hindering the research in this field.
